Solvent cleaned indium-tin oxide coated glass substrates or silicon wafers covered with native oxide were treated with UV/ozone to create a hydrophilic surface. Poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate) (PEDT:PSS, purchased as AI4083 from H.C. Starck Gmbh & Co. KG) was spin coated on top to form a high work function electrode. The spin coated PEDT:PSS was then annealed at 180°C for 10 min under ambient conditions. These substrates served as templates for vacuum deposition of the organic semiconductors copper phthalocyanine (H16CuPc) and its perfluorinated version F16CuPc (both purchased from Sigma Aldrich and used without further purification). The evaporation of the organic semiconductors was carried out in UHV using resistively heated pinhole sources with evaporation rates of about 0.1 nm/min. The mixed layer of H16CuPc and F16CuPc was grown by co-deposition from two spatially separated evaporation sources. The thicknesses of the molecular layers were monitored using a microbalance therefore every given layer thickness in this work corresponds to a nominal mass-thickness. The samples were prepared in a preparation chamber with a base pressure of <6×10 -8 mbar. The analysis chamber (base pressure 1×10 -10 mbar) was directly connected to the preparation chamber, enabling sample transfer without breaking vacuum.
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(1) Experimental
Solvent cleaned indium-tin oxide coated glass substrates or silicon wafers covered with native oxide were treated with UV/ozone to create a hydrophilic surface. Poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate) (PEDT:PSS, purchased as AI4083 from H.C. Starck Gmbh & Co. KG) was spin coated on top to form a high work function electrode. The spin coated PEDT:PSS was then annealed at 180°C for 10 min under ambient conditions. These substrates served as templates for vacuum deposition of the organic semiconductors copper phthalocyanine (H16CuPc) and its perfluorinated version F16CuPc (both purchased from Sigma Aldrich and used without further purification). The evaporation of the organic semiconductors was carried out in UHV using resistively heated pinhole sources with evaporation rates of about 0.1 nm/min. The mixed layer of H16CuPc and F16CuPc was grown by co-deposition from two spatially separated evaporation sources. The thicknesses of the molecular layers were monitored using a microbalance therefore every given layer thickness in this work corresponds to a nominal mass-thickness. The samples were prepared in a preparation chamber with a base pressure of <6×10 -8 mbar. The analysis chamber (base pressure 1×10 -10 mbar) was directly connected to the preparation chamber, enabling sample transfer without breaking vacuum.
Ultraviolet photoelectron spectroscopy (UPS) measurements were carried out at the synchrotron radiation source BESSY II (Berlin, Germany) with a hemispherical electron analyser (Scienta SES 100) or were performed in-house using a He discharge lamp (He I of 21.22 eV and He II of 40.8 eV) and a Phoibos 100 (Specs) hemispherical energy analyser. The secondary electron cut-offs (SECOs) were measured with the samples biased at -10 V. Angular resolved near-edge X-ray absorption fine structure (NEXAFS) spectra were recorded on ex-situ prepared samples at MaxLAB synchrotron facility (Lund, Sweden) by detecting the partial and the total electron yield (PEY, TEY) using multi-channel plate detector and current meter, respectively. Spectra were taken in the energy range from 276 eV to 327 eV and also normalized in this range. To ensure that differently 2 oriented transition dipole moments of the molecules do not interfere, the analysis of angular dependence and of spectral superposition was done in the range from 283.6 eV to 286.6 eV. This energy range corresponds to electronic transitions from the C1s core level to the π* molecular orbital [1] . While the data is shown for the TEY signal only, similar results are observed for the PEY signal. Supplementary figure S1a shows the stepwise subtraction of the pristine film spectra from the measured UPS spectrum to determine the interface spectrum for coverage of 0.4 nm F16CuPc on top of an H16CuPc film. The interface spectra for both layer sequences (F16CuPc on top of H16CuPc and vice versa) are within the error of the measurement equivalent as illustrated in Supplementary figure S1b. Spectra of the pristine materials are used with a shift in the binding energy to further deconvolute the interface spectra. The linear superposition of the pristine spectra for both components and the interface spectra are displayed in Supplementary figure S1c.
The pristine spectra have to be shifted in binding energy by +0.4 eV and 0.5 eV for H16CuPc and F16CuPc, respectively. When intensity and energetic positions are adjusted to match features H1 and H2, the shape of the interface spectrum is well reproduced (peaks A, B, C), except for a general mismatch in intensity. This is a clear hint that no new states are formed by the molecular interaction at the interface. In contrast, a mixed layer of standing molecules is able to happen due to interdiffusion (see Supplementary figure S4c), but can be suspend by our presented measurements. The structure for the blend is adapted from Reference [3] .
